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Detection of Mycobacterium tuberculosis DNA in Ethanol-Fixed and
Papanicolaou Stained Archival Materials

Tae-Sook Hwang, In-Seo Park, Hye-Seung Han, Jee-Young Han, and Young-Bae Kim

Department of Pathology, Inha University College of Medicine, Inchon 402-752, Korea

Granuloma is a chronic inflammatory process associated with non-infectious agents or infectious diseases such as tuberculosis,
It is well known that AFB staining, which has been used to determine the ctiology of the granulomatous inflammation, lacks
both sensitivity and specificity. Due to the slow growth rate of most pathogenic mycobacteria, culturing of organisms can
take up to cight weeks. It is not uncommon for specific therapy to be delayed, or for an inappropriate treatment be given
to patients without mycobacterial infections or with infections caused by atvpical mycobacteria, Determination of the causative
agent in Papanicolaou stained cytology specimens gives pathologists even more difficulties when only necrotic material has
been aspirated from the center of the granuloma. In recent years, the use of a polymerase chain reaction for the amplification
of DNA has appeared promising in terms of speed, efficiency, sensitivity, and specificity. Since a polymerase chain reaction
permits the sensitive genetic analysis of small amounts of tissue, it is ideally suited to the genetic analysis of cytologic
specimens. A polymerase chain reaction is easily performed on unfixed and unstained cells, however, an analysis of ethanol
fixed and Papanicolaou-stained archival smears has also been described. We have recently established a method to detect
Mycobacterium tuberculosis organism by a nested polymerase chain reaction with primers in the insertion sequence 1S 6110,
using cellular digests of ethanol-fixed and Papanicolaou-stained archival specimens aspirated from the lymph nodes, lungs,
thyroid, etc. Inhibitors present in Papanicolaou stained material was removed by destaining the slides with 0.5% HCI solution
for 10 ~30 minutes. Eight out of ten cases which have shown the epithelioid granulomas revealed a positive reaction and
four out of ten cases which have shown lymphohistiocytic cells in a necrotic background without any evidence of granuloma
revealed a positive reaction. This study showed that it was possible to employ a polymerase chain reaction to detect
Mycobacterium tuberculosis in Papanicolaou stained archival cvtology specimens, (Korean J Pathol 1998; 32: 603 —607)
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Hol glek 2 7b 2o} A T EEeA AT
2 gelalr] sl AT e Allee] glen) o
7} ES} So]% Rifel glo] Alz]Esl R ol A
o] ALalns Ay Ao aFxEe] gt

& Halggety Ade] ddgE i HEde
gl 3le] MRS Fol 49 FTHaLdHIGLE HY
7 DNAE mE A7HH 417 #elales wigle] AE
oleh' ™ TR a A4S S o] &3 ANF HEE
F2 oA, Al 2 AdzAE o fete] o] FojAa
gov Zewgle ngE R sl Eojy 23]
AE A8 o]Folzla gt e}l 7| %kell Papanico-
laou of4le] = AMEHATHe|A BHHuZ Y4
Asle] o] A5]= A9 A4S EHe| gl A7) ot
Holoj A 9] uine 24 Huo] Hele] Erl
stedch A2 EE ojo] I Eo] wAX] 5 Papanicolaou
ol L HalE] Solo]Sefld] DNAS A3 ele] el
& #olsls v & #lele] Ahel] o] fafamal H o
Ta Altslsdch

e 3 2y
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claloivi el i el el A AEAAAE F
FolEA wwlo] BAE= 10 (90f2] 7] = &9}
£2, 169 FAAFQRA BRS) S0 54 WL
glouh TAA wiHel] 2=y BAE = 104 (2
ol 2] #HFelal Ei, 6olle] glEAFMA R, 14
o] Fakel, 1o A E o g s}k
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1) Papanicolaon M E Z2}0|E0ME MIE ZHFH:
Solo|=of| Fatxl gpeld sfite] A7 el xylene
ol @7} 37°C FzollA 510 A|7F AL WAAL F
cover glassS WA WHelc) 100%, 95%, 80% ¢-£9] tl
AS AH F FHE dn gYyHs AA7 F8ke
0.5% HCl Soof 10~30&7F @7Hrelch s 4He] A
A% & 2AE s AR AL dEDE ol fatel
Zo}o| ol B2ty HEE FHolWsleh FHold MEe
TE buffer} ©71 1.5 ml microcentrifuge twbeef] 4S50
vortexing & 15,000 rpmeof| 4] 302=7F Y4525 3 £
Jag spolsloz AANAL

2) DNA £&: Fo]H AE7} Solgle 1.5 ml micro-
centrifuge tubeel] G'nome kit (Biol0l, CA, USA) 5 cell
suspension solution 09 mls 7lelar 2 &gk &
RNAse 25 pl& 7Fabar 2 E¥sle] cell lysis/denaturing
solution 50 pl& 7hsla 535°Cef] 307 wkx]slsc). o
7loll protease mixture 125 pls 7l # E93 F
proteinase K 200 pg2 7hslod 55'Cefl4] 244] 71 ukx]&)

gle}. Gnome kit <& salt out mixwre 250 pl5 7Ff2 10
B et dadlA wkAd 3 1037 HdEed o
AsHE 15 ml Y4 Fe|del Sk of Algde] 2
ml TE bufferg} 8 ml Frollgh35 7halar —20°Cel 4] 1
AlZE Eok AE & 15ETE 1500 pmaE /AR
b A5 wea g2y shHs] A DNA
pellet-d elglch #b7h2 100 gl TE buffer® =91 3 2 gl
E Fsted ODE ZAsta UejAE -20°Col] Kkl
o] % DNAE AH&3iqich

1) SEEANYLE:

(1) Nested PCR for detection of mycobacterial DNA;
Mycobacterium tuberculosis2] 4F3] 4% (insertion clement)
IS 6110 98] 544 gol el Qe s A
= (oligonucleotide primer pairs)& ©|-#-&lo] block
A1 9 2 (Gene Amp PCR system 9600, U.5.A) nested PCR
& A#Elsich 100200 ng2] 5% DNAS o] &3}od
A 14 S| fele| = Aldba) 4 (5-CTCAA-
GGAGCACA TCAGC-3'%} 5°-GGTOGGAAGCTOCTATG A3
o] $alo] Uxt FPAAUNNTE Bl F it
= 2 pE Y3 AE A R ekl A=g A
A 4 (3*-CTACGCTGTTTACGGTGCCC-3'9} §°-GOCT-
TTGTCACCGACGCCTA-3 1= ﬂ]%ﬁ]-ﬂ:] o| 2} FEEA
adsfubs-& Alsksdch 7 kg BAellA] $4 94°Cel
4] 557 A w4 (predenaturation) ¥HH -5 73 3, 94°C
of| 4] 1827 vi4 (denaturation), 60°Cel]] 153F A}
(annealing), 72°Cell4 13237F <d2}b (extension) H+-5-2| T}
AL 303 Az A epA e el e w 72°Ce A
587 wbAlEek dhge] B F 15% Al
(agarose gel)oll 4] #7]ed5F& 4 Asle] DNA o] (285bp)
5 #olleich 72 weR nAFR FE¥ EP
Z A DNA7F 32535 DNA E2S oA Z7] Al
ol&stglen SNz DNA il FHRFE A
255k

A7l S4¢l ol DNA2] AL Helaly] 2l 8
-globin®] FEaF #elstslct.

(2) Single PCR for detection of f-globin; $181 -
globin -8 2bel] §] 2 st AlubA] 45 o] Baled hot air
¥4 (Rapid cycler, Idaho Co., US.AJ2 % single PCR&
Alefste] 268 bp 2718 WS #Holslsich

& n}

120 AT} 557Thp HE 279 o7}
B3 AlAbol| A Felsgl s 24 SitEAcdsnbge] A
7} 285bp A% =7]2] ulrb fEE gl AL BE
ol| 4] primer-dimer® A7}%]= 100 bpso} 22 ol 7} IH
eiaabil=g

folFA WS el 106l F 8ollof]d Fobridd
Aub 73 A7 DNAYE @elEglon] 8o &Y g
z=&ef|4 FolHalsl FHolglch (Fig 1). FolFA4 W
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Cases with granulomatous lesion
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Fig. 1. Ethidiuvm bromide-stained/UV-illuminated gel of PCR
amplified products from samples showing epithelioid granu-
lomas on Papanicolaou stained slides. Case | is from thyroid
aspirate and rests are from lymph node aspirates.
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Fig. 2. Ethidium bromide-stainded/UV-illuminated gel of PCR
amplified products from samples showing lymphohistiocytic
cells in necrotic background without evidence of granuloma.
7 and 10
are from lung aspirates, case 8 is from pleural effusion, and case
9 is from sputum.

Cases | to 6 are from lymph node aspirates, cases

g Hola| ekehud 106 G doflof 4] G A A
A7} AdF DNA7E EelElglen] o] & 2d= g=EA
FAA L, lofl= Fatd, Lol Adolsle} (Fig 2).
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NEZA BRolAe) ANFe] Ae dufen
FolEA Wie] Bakol] ofgbeh xefu} el 7ol
© AEQAL FolEA Wulo] BAFA o= 757}
A4 Qlom] folEA o] HARE A ST o}
2 YA HE A S vt Adale) 2

ol folala) gheh. ZAolAe] Ao Aghe FAF
AMo| ola) 5T WS st GATF 34 A7

7 Ee SolEr} Yo} Ak spxE Wz gid” 3
T TAHIEEE 7o udE AAE u|Ed g2 7
94 Hibg Hssias AEgh Fce] Bo|sledFle
w0 Sa) e, Al Soll4 FHLAAMLSE o] &
g HelFe] EHel 2 e wiekdd] 23k Aok S o
il glevw] EEndld s shebdlel] EeiE =
Aol HE A8 A8s]w g

Az} o]v] Papanicolaou 9 Ae] 51 M| E A} F Mo
A HAwlo] A=l AL A HHo] glE AL}
th5-olof A Fgkihe] o Fe] el

#HAEE 2 Lol o|o] &FEe| AHE T Papani-
colaou g4 3 2] &e}o|=ofl4] DNAE 23] slo]
A7 DNAE ¥Helgte E_H Wl obel] 4] Ea] Ay
v Ackd oS AY 5+ A = el Sciacchi-
tanoE-of] 2] &} Papanlcg]mu o] deof| A}4% = Orange
G thsog 8% He e Htedulse) 4%
HE HEY 4 glay f—h dEe T A= o
HAE Kol ghevha #v, o} & PAP 8 ?:1'%"!
g G5 Z4E (complete dye mixture)S- A-E312] ok
g DNA $F& dAlsiAl: geda 3" =3
Cheng2] «d-tol] 22l Papanicolaou o o] A}Lx]i=
hematoxylin®}  aluminium sulfate?} S8} & £ o 22 S
HAfcde slgon 52 dangs APdozy
o] Z #lA% F glgich” B ad el F3hisalsy
Hb-Sof| a2 2H8E ,..l PAP of -5 a7 s}
7 318 elo] S8 0.5% HCl S]] of 510570 2]
glah gk

WoolF Hpl FolEAl WS Helwl 10 F 2900
A AT DNAS B 5 elgliv] ol 2] of
i LFC Halel 213t sobay Wwe|gi A Hejy &
ofFolLt AuFe 471 ofF Ho| B byl ef2) 2
x| 2] Ehw 7heA el slvh TR EA 2 ol
§ AFAEr L Aoz dutzez 1077
2 FEo] hgsby dlnkgh zA A= 110712 DNA
Mt Eallsle] = ﬂ‘ﬂﬂ'—"ﬁ}f}' st ol YHbH
o] Aol = A o] Fo Alﬂ] F3l hot startS A 2da} =
7 §-ellnt gl s afe]” erﬂzﬂh-ﬁ'ﬂl 5’-1 & nested
PCRES A)28E 715 single PCReY| vz wlzk=2} 1000
i} E.;-?l-ﬁ,lrﬂri sheleh” Setasdafub-2of 28k A
a5t ?"”ﬂl-"'—q nHEs Hadbel] wpel Ze|= 9l
Yuens& 287 Bu) 52 HS veks pold standard 2
332 uf) wjokel] B2l oF 77-84%2) wIFEE MW
ER R ahabate] ean]z] of= el sl okl
jel] 37-58%2 YIARE Hilen P2 Eiolgt:
851 PCR Kith AMbA] ] ZFol] whel Aol & 1)
b shglenl” L FHALA o] wlopu]
25l 2R SeolEx) ‘r—:} wostgde Y ey A
A YRERE ol feht A% 4 DNA HEE U
SHUZhE ZelF DNA 57} ehoein e o
""|-]U'|'¢ 2] n-'fy'l.r_. ;Ell_i;]. %.%t-ﬁ].;:];__. u]r?:]_?_1:lz] it
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L} Papanicolaou o A5l MlFEFH A FHl| 49 wizte H
A= A o Eolz] 9A gk B QoA FRHE
AgdsutSel PIAEE Feolual dubH oy Alsls
Hot start 2 nested PCR ¥ S o] £8)¢] o] B of L4
ofl 4] 1S 6110 F-%]oll4] cfapglat Alby 45 o] B5fod
single PCRE} nested PCRE Al 2%} 75 nested PCRo|
o wlzbhE Wy e} (data not shown) 712 %o o2l
FAug AHE & o glgld MREE Uaes 898
specimen  source, LA S H]E%E £H] A heparin
hemoglobin, phenol, sodium dodecyl sulfate -5 2] o] ) A
o] Zal So| sigtEickm stk o] £ mA N =
i 3 A7 TR AL aNE-e] qit e 2 o
g5 njxs Fleg oA glon] FEoale] A x
DNAS] 715 24 (fragmentation) 7} 23 7Hs%F 3F 500
bp e|sl2] 4tEe] GaEF AAF oARINES P
wa glon} dFgo| 7S T2urgld] vlsle] DNA
Eabe] Hele] 05% LI Eol4 3047 A} 5o
1327 bpl] =7 (fragmentyV}A] FEAIE S glohw
steleh® B ol Fell e 12, 22 wh-S4H-Ee] 557 bpot
285 bp 27| od A & FAle glegls 42hsc

B oAl FolEA wde] IE|le HEF
DNAS #eld & glddd 25 s el S4el
ot et JAaE A e WA o] sl A
o ujek2 @ 5 gle] FEE Zck: g 9l
Sk

w3k B ool AR FobgA WilE Helr gx
A4 7wt Beol FHA T 106 5 deflef]A] s F
DNAZE 3R o] e|u] W] gdeid Qe Adde]r] =
st AEFHAA] FolsA] wivwe] PAEA] e 7 F
= F|AAD wiFe] sle A5 AME 2 yzlede} &
ol 4= glgick 7hebA (false positivity) 2} 2.9
o] 7hak 2 goleo|n] HtziAe] A5 A FHdA] Ea
el nonviable mycobacterial DNA7Z}F F31 35 Aod a2
Al FhekAl wp & do ] o glan) FeHA ERe
AlERLS ool #ghn A opch 2] Tell AWM
DNA H4ef] E&] A&E5]= IS 6110 F57F A7 £
o] o} mycobacteria®d FAH4 (homology)e] ol B
27 glo] 1S 6110 F-5]2] Aluba)] 42 o] &3l A&
o] Solwel| FA7} A7E 2 gl

B ool F4 dE=TE Adsida o] W
& o} oA DNA w7} #habs]z] kel mAbe
od2) FH54e $ukshrin 42ue O Qo] o3
shepiolals] wrbe FAUAA F9el FolEa
e Aelsa F4 ARsur AU e ol
Frha Akl

o

rhl

Papanicolaou <34 3 H9l% Sole|=o 4 DNAS 2
Hete] FHALQANG (nested PCR)CE AT

HAqstelon] 1 A3 foldA we] IHAE GG 10
o] - 8oflollA] HalF DNA7E B=|glen FopEy
W] Ak Al gkgkont o4 |7 g Ko Huol
S| AR U 106 F 4eflell ] Aeld DNAZ BHE )
o} of4e] HME 7|8ol] LF-5oll 1A E S Papani-
colaou 5345 &ule] =of| 4] DNAS FEIle] FHIAEA
AdutSe s AWg At 5 SS dUdHsi =
of£A wWwe] A5l A follE ZAEF DNAZE 3
e grol v|ASA FeobF e e+ AlAEER
FobEA wWwe] TAEA] okt ASelx AP
DNA7} #els]o] fopdd wo|u} A4 w7 F
7hA] wEink BE H SR SFEEAsde
B3k Al DNAS] #Hale| dgsictn Afzbxch
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